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Abstract

Introduction

Methods

Results

Conclusion

Pulmonary congestion during exercise is related to a poor prognosis in patients with heart failure (HF). B-Lines assessed by
lung ultrasound quantitatively identify pulmonary congestion. The aim of this study was to evaluate the prognostic value of
exercise-induced B-lines in patients with HF.

Patients with HF who were admitted to Okayama University Hospital between February 2021 to June 2024 were enrolled.
Symptom-limited exercise echocardiography using a bicycle ergometer was performed at the time of discharge. B-lines were
evaluated in the 2-site simplified scan. The end point was cardiac death or hospitalization for HF.

A total of 124 patients with HF (71 [57—78] years, 65% male) were enrolled. The total number of B-lines was 1.9 + 2.1 at
rest, which significantly increased to 5.4 + 3.5 at the peak workload of the average 40 W. In the receiver operating charac-
teristic curve, the cut-off value of exercise-induced B-lines >7 at peak workload was related to cardiac events (sensitivity:
50%, specificity: 79%). During the follow-up period of 25 months, 26 patients had cardiac events. Kaplan—Meier analysis
showed that the event-free survival rate was significantly worse in patients with B-lines >7 at peak workload than in those
with B-lines <7 at peak workload (log-rank test, P =.002). B-lines >7 at peak workload were independently related to car-
diac events.

Exercise-induced B-lines are associated with cardiac death or hospitalization for HF in patients with HF. B-lines at peak work-
load may identify risk stratification of HF.
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Graphical Abstract

Nakayama et al.

[ Prognostic value of exercise-induced B-lines by lung ultrasound in patients with HF ]

* Population
124 patients, 71 (57-78) years, Male 65%
New York Heart Association 11l 48%
LV ejection fraction 45+ 16%

- B-lines were evaluated in the 2-sites scan

peak workload:

B-lines( * ) were appeared during exercise

[ B-lines 27 at peak workload was related to cardiac death or HF hospitalization ]

- B-lines 27 at peak workload was related with
cardiac events
(Area under the curve = 0.63,
sensitivity 50%, specificity 79%)

- Median follow-up period of 25 months
(range, 3—51 months)

- 26 of the 124 patients had cardiac events

+ Hazard ratio (95% confidence interval):
3.18 (1.47-6.88)

B-lines in heart failure

Keywords

Heart failure (HF) leads to mortality at a high rate. Pulmonary conges-
tion is associated with a poor prognosis in patients with HF." B-lines
assessed by lung ultrasound, which are known as ultrasound lung co-
mets, are a reliable and reproducible tool for quantitatively identifying
pulmonary congestion.*® The presence of resting B-lines has been de-
monstrated to be associated with clinical outcomes.>®”

Patients with HF develop dyspnoea upon exercise. Exercise stress is
valuable for assessing changes of pulmonary congestion.®? In recent
studies, an increase in B-lines during exercise has been reported to be
useful for predicting cardiac events.'®”'? However, limited information
is available in patients with HF. The efficacy of exercise-induced B-lines
on clinical outcomes remains unknown in patients with advanced HF, for
whom risk stratification isimportant for therapeutic management of HF.

We hypothesized that B-lines during exercise sensitively predict ad-
verse outcomes in patients with an advanced stage of HF. This study
aimed to evaluate the prognostic value of exercise-induced B-lines by
lung ultrasound in patients hospitalized for HF.

Study population

We prospectively enrolled 124 patients with HF who were admitted to
Okayama University Hospital from February 2021 to June 2024 and under-
went exercise echocardiography at the time of discharge. The diagnosis of

Event-free survival rate

100%
80% g
B-lines <7 at peak workload
60%
B-lines =7 at peak workload
40%
20%
p = 0.002, by Log-rank test
0%
0 10 20 30 40 50

Follow-up (months)

B-lines ® Exercise echocardiography e Lung ultrasound e Heart failure ® Pulmonary congestion

HF was made based on clinical findings, including symptoms, physical exam-
ination, electrocardiogram, echocardiography, biomarker measurements,
and chest X-ray, according to the guidelines of the European Society of
Cardiology." Patients with a history or signs of lung disease, such as inter-
stitial pneumonia, obstructive pulmonary disease, and/or lung cancer, were
excluded. This study was performed according to the principles of the
Declaration of Helsinki and was approved by the ethics committee of our
institution. Informed consent was obtained before participating in the study.

Clinical parameters

Clinical characteristics, including age, sex, laboratory data, and medical ther-
apy, were obtained from medical records. Transthoracic echocardiographic
parameters, such as left ventricular (LV) end-diastolic and end-systolic vo-
lumes, LV ejection fraction, LV mass index, left atrial (LA) volume index,
early diastolic mitral inflow velocity (E), early diastolic mitral annular velocity
(€'), early diastolic mitral inflow velocity to mitral annular velocity ratio
(E/e’), tricuspid regurgitation (TR) pressure gradient, and inferior vena
cava diameter, were measured according to the guidelines from the
American Society of Echocardiography.’ LV ejection fraction was calcu-
lated using the disk summation method.

Exercise echocardiography

Symptom-limited exercise echocardiography using a bicycle ergometer was
performed in a supine, slightly left lateral decubitus position at the time of
discharge from HF treatment. Exercise started at an initial workload of
20 W and increased stepwise by 10 or 20 W every 2 min until exhaustion
while maintaining a pedalling speed of 60 rpm. Electrocardiogram and
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Exercise-induced B-lines in heart failure

oxygen saturation were monitored continuously. Blood pressure and heart
rate were recorded every 2 min. Exercise was interrupted in the event of
chest pain, ST-segment shift, excessive blood pressure increase (systolic
blood pressure, >240 mmHg; diastolic blood pressure, >120 mmHg), limit-
ing dyspnoea, or significant arrhythmias.

Transthoracic echocardiography was performed at rest and during exer-
cise. Two-dimensional and Doppler echocardiographic images were ob-
tained. E, €', E/e’, and TR pressure gradient were measured at rest and at
peak workload.

Lung ultrasound

Lung ultrasound was performed using the same cardiac transducer as that
for transthoracic echocardiography. During exercise echocardiography
using a bicycle ergometer, lung ultrasound was performed at rest and at
peak workload. We adopted the two-site simplified scan. B-lines were eval-
uated online in the two sites, with one site on the left side and one on the
right side, from parasternal to anterior axillary lines on the third and fourth
intercostal spaces. B-Lines were defined as a discrete, laser-like vertical hy-
perechoic reverberation artefact arising from the pleural line, extending to
the bottom of the screen without fading, and moving synchronously with
lung sliding. The total number of B-lines in the two sites was calculated at
rest and at peak workload (Figure 7). All examinations were performed
by a single operator who was blinded to patients’ data and did not take
part in clinical management.

Endpoint

The endpoint was cardiac death or hospitalization for HF. Patients were fol-
lowed from the date of exercise echocardiography until the date of first
documentation of cardiac events or the end of follow-up. Follow-up data
were obtained from medical records.

Statistical analysis

Data are presented as mean + standard deviation or median (interquartile
range) for continuous variables and as number and percentage for categorical
variables. Continuous variables were compared using the t-test or Mann—
Whitney U test. Categorical variables were compared using the 7’ test.
Correlations between B-lines and echocardiographic parameters were as-
sessed. Pearson correlation coefficients were calculated for B-lines at rest
and at peak workload with LA volume index, E/e’, and TR pressure gradient.
The cut-off value of B-lines for the relationship with cardiac events was esti-
mated using a receiver operating characteristic curve. Event-free survival rate
was estimated using the Kaplan—Meier analysis, with group differences com-
pared using the log-rank test. Cox proportional hazard regression analysis

was performed to identify independent factors related to cardiac events.
Variables for analysis included age, sex, body mass index, New York Heart
Association class, N-terminal proBNP natriuretic peptide (NT-proBNP) level,
LV ejection fraction, LA volume index, E/e’, TR pressure gradient, and B-lines.
Hazard ratios are shown with 95% confidence intervals. Statistical analysis was
performed with statistical software (JMP version 14.0; SAS Institute Inc., Cary,
NC, USA), and significance was defined as a P value of <.05.

Interobserver and intra-observer differences were analysed for 20
stored images selected randomly. The number of B-lines was evaluated
by two blinded observers and by a single observer at two different time
points, both at rest and at peak workload. The number of B-lines was
counted directly from the images. Reliability was calculated using
Pearson’s correlation coefficient. Variability was calculated as the percent-
age error of each measurement, defined as the absolute difference be-
tween the two measurements divided by their mean value and
expressed as a percentage.

Patient characteristics

Patient characteristics are shown in Table 1. The median age of all pa-
tients was 71 (57-78) years, and 81 patients were male. Fifty-four pa-
tients had HF with reduced ejection fraction, 21 had HF with mildly
reduced ejection fraction, and 49 had HF with preserved ejection frac-
tion. Sixty patients had New York Heart Association Class Ill. The mean
LV ejection fraction was 45 + 16%. The mean E/e’ was 19 + 11, and the
mean TR pressure gradient was 22 + 9 mmHg. Many patients received
beta-blockers and diuretics or tolvaptan. When patients were divided
according to B-lines at peak workload, patients with B-lines >7 at
peak workload were older and had a higher prevalence of atrial fibrilla-
tion and worse renal function. There was no significant difference in
New York Heart Association class between the two groups. Medical
therapies were similar between the groups, except for a higher use
of loop diuretics in patients with B-lines >7 at peak workload.

Exercise echocardiography and lung

ultrasound

Exercise echocardiography and lung ultrasound measurements are sum-
marized in Table 2. The average achieved peak workload was 40 W
(range, 20-120 W). TR pressure gradient and E/e’ were significantly

The number of B-lines was evaluated by lung ultrasound at rest (A) and at peak workload (B). Exercise-induced B-lines appeared (*)
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Clinical characteristics
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Variables All B-line >7 at peak B-lines <7 at peak P-value
(n=124) workload (n = 34) workload (n =90)
Age, years 71 (57-78) 76 (68-80) 69 (54-76) <.01
Male, n (%) 81 (65) 25 (74) 56 (62) 23
Body mass index, kg/m? 23+4 23+4 23+5 66
Hypertension, n (%) 42 (34) 16 (47) 26 (29) 0.06
Diabetes mellitus, n (%) 28 (23) 9 (26) 19 (21) 52
Dyslipidaemia, n (%) 39 (31) 15 (44) 24 (27) .06
Ischaemic heart disease, n (%) 21 (17) 8 (24) 13 (14) 23
Atrial fibrillation, n (%) 25 (20) 13 (38) 12 (13) <.01
HF with reduced ejection fraction, n (%) 54 (44) 18 (53) 36 (40) 19
HF with mildly reduced ejection fraction, n (%) 21(17) 5(15) 16 (18) 68
HF with preserved ejection fraction, n (%) 49 (40) 11 (32) 38 (42) 32
New York Heart Association 4/60/60 0/14/20 4/46/40 22
Class l/1I/11l, n (%) (3748/48) (0741/59) (4/51/44)
Laboratory data
NT-proBNP, pg/mL (n = 60) 890 (339-1950) 1820 (1166-3526) 748 (267-1549) 04
Creatinine, mg/dL 12+05 14+05 11+05 <.01
Estimated glomerular filtration rate, mL/min/1.73m?> 52+24 41+18 56 +24 <.01
Sodium, mEq/L 139+3 138+3 139+3 32
Echocardiographic measurements
LV end-diastolic volume, ml 132+ 59 135+ 65 131+ 57 73
LV end-systolic volume, ml 80 + 54 82+ 56 79 +54 75
LV ejection fraction, % 45+16 43+15 45+ 16 53
LV mass index, g/m? 122 +33 128 +35 120 + 32 24
LA volume index, ml/m? 57 +26 64 + 26 54 + 26 .04
E, cm/s 92+41 106 + 36 87 +41 02
e, cm/s 53+25 52+16 54+27 .78
E/e’ 19.4+10.9 214184 187 +11.7 0.23
Mitral regurgitation 44/37/35/8 7/7115/5 37/30/20/3 <.01
none/mild/moderate/severe, n (%) (35/30/28/6) (21/21/44/15) (41/33/22/3)
TR none/mild/moderate/severe, n (%) 56/31/24/13 10/12/5/7 46/19/19/6 .02
(45/25/19/10) (29/35/15/21) (5172172117)
TR pressure gradient, mmHg 25+ M1 27+ 11 25+ 11 24
Inferior vena cava diameter, mm 13+6 14+6 13+5 .30
Medical therapy
Angiotensin-converting enzyme inhibitors, angiotensin 87 (70) 25 (74) 62 (69) 61
receptor blockers, or angiotensin receptor blockers, n (%)
Beta-blockers, n (%) 106 (85) 30 (88) 76 (84) 59
Aldosterone antagonists, n (%) 95 (77) 26 (76) 69 (77) 98
Sodium-glucose transporter 2 inhibitors, n (%) 80 (65) 23 (68) 57 (63) 65
Loop diuretics, (%) 69 (56) 24 (71) 45 (50) 02
Loop diuretic dose, mg 26 +18 30+19 25+17 25
Tolvaptan, n (%) 24 (19) 9 (26) 15 (17) 22

E, early diastolic mitral inflow velocity; €', early diastolic mitral annular velocity; E/€’, early diastolic mitral inflow velocity to mitral annular velocity ratio; HF, heart failure; LA, left atrial; LV,
left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TR, tricuspid regurgitation.
Data are presented as mean = standard deviation, median (interquartile range), or number (%) of patients.
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increased at peak workload compared to those at rest. The total number
of B-lines was 1.9 & 2.1 at rest, which significantly increased to 5.4 + 3.5
at peak workload. The assessment of B-lines by lung ultrasound was feas-
ible in all patients.

There were significant correlations of B-lines at peak workload with
E/e" at peak workload (r=0.21, P=.02) and TR pressure gradient at
peak workload (r=0.24, P < .01). B-lines did not correlate with LA vol-
ume index (Figure 2).



Exercise-induced B-lines in heart failure

Exercise echocardiography and lung
ultrasound measurements at rest and at peak workload

Variables Rest Peak P-value
workload
Systolic blood pressure, 119+22 138+28 <.01
mmHg
Diastolic blood pressure, 64+13 75+18 <.01
mmHg
Heart rate, bpm 69+12 93+22 <.01
Oxygen saturation, % 98+2 96 +2 <.01
E, cm/s 92+41 113+44 <.01
e’, cm/s 53+25 63+30 <.01
Ele’ 19+11 21+12 .04
TR pressure gradient, mmHg 22 +9 36+16 <.01
B-lines 19+21 54+35 <.01

E, early diastolic mitral inflow velocity; €’, early diastolic mitral annular velocity; E/e’, early
diastolic mitral inflow velocity to mitral annular velocity ratio; TR, tricuspid regurgitation.
Data are presented as mean =+ standard deviation.

B-Lines and cardiac events

During the median follow-up period of 25 months (range, 3-51
months), 26 of the 124 patients had cardiac events. The optimal cut-off
value of the total number of B-lines at peak workload for the relation-
ship with cardiac events was >7 (area under the curve = 0.63), with a
sensitivity of 50% and specificity of 79%. Of the 34 patients with
B-lines >7 at peak workload, 2 had cardiac death and 11 were hospita-
lized for HF. Of the 90 patients with B-lines <7 at peak workload, 1 died
and 12 were hospitalized for HF. Kaplan—Meier analysis showed that
the event-free survival rate was significantly worse in patients with
B-lines >7 at peak workload than in those with B-lines <7 (log-rank
test, P=.002) (Figure 3A).

The optimal cut-off value of B-lines at rest for the relationship with
cardiac events was >1 (area under the curve = 0.62), with a sensitivity
of 84% and specificity of 40%. Kaplan—Meier analysis showed that the
event-free survival rate was worse in patients with B-line >1 at rest
than in those without B-lines (log-rank test, P =.011) (Figure 3B).

In the Cox proportional hazards analysis, univariable analysis showed
that age, LA volume index, E/e’ at rest, E/e’ at peak workload, B-lines at
rest, and B-lines at peak workload were related to cardiac events.
Multivariable analysis demonstrated that B-lines >7 at peak workload
were independently related to cardiac events in models 1, 2, 3, and
4. When NT-proBNP level and B-lines at peak workload were included
in multivariate analysis of model 5, B-lines at peak workload tended to
be related to cardiac events (Table 3).

Changes in B-lines

The median value of the difference in B-lines between rest and peak
workload (AB-lines) was 4. When patients were divided according to
AB-lines of 4, Kaplan—Meier analysis showed that the event-free survival
rate was not different between patients with AB-lines >4 and those
with AB-lines <4 (Supplementary data online, Fig. S7).

Left ventricular ejection fraction
phenotype

When patients were divided into two groups according to LV ejection
fraction phenotype, B-lines at rest and at peak workload, AB-lines, E/e’,
TR pressure gradient, LA volume index, or NT-proBNP level were not

different between patients with HF with preserved ejection fraction
and those with HF with reduced and mildly reduced ejection fraction
(Supplementary data online, Table S1).

Reproducibility

There was good agreement in the measurements of B-lines counts be-
tween the two blinded observers at rest (r=0.95, P <.01) and be-
tween measurements obtained by the same observer at two
different time points at rest (r=0.96, P <.01). Similarly, there was
good agreement for B-lines counts obtained at peak workload between
the two blinded observers (r=0.92, P <.01) and between measure-
ments obtained by the same observer at two different time points at
peak workload (r=0.94, P < .01).

The major findings of the present study are as follows: (i) patients with
the total number of B-lines >7 at peak workload in the 2-site simplified
scan were more likely to have cardiac death or hospitalization for HF,
and (i) B-lines at peak workload independently predicted adverse out-
comes. Our findings suggest that exercise-induced B-lines could be use-
ful for risk stratification of HF. This study is the first to evaluate the
prognostic value of exercise-induced B-lines simply assessed by lung
ultrasound in patients with HF.

Lung ultrasound

Lung ultrasound is an easy, fast, and reliable tool for evaluating pulmon-
ary congestion.**"> Multiple comet-tails fanning out from the lung sur-
face due to water-thickened or fibrotic interlobular septa, called
B-lines."® B-lines directly image extravascular lung water."”'® Several
studies have demonstrated that the presence of B-lines by lung ultra-
sound has diagnostic and prognostic meaning in patients with HF.>¢7
Additionally, B-lines are useful as a marker of HF therapeutic manage-
ment. Randomized studies have demonstrated that diuretic therapy
guided by B-lines is effective in reducing hospitalization in patients
with HF."7!

Exercise-induced B-lines

Exercise causes an increase in pulmonary capillary wedge pressure, leading
to water transfer from the vascular to the extravascular compartment.
Exercise stress is valuable for assessing dynamic changes of pulmonary
congestion.”'22 B-lines assessed by lung ultrasound develop upon exer-
cise, which is correlated with high pulmonary capillary wedge pressure.”®

Although a few studies have demonstrated the utility of
exercise-induced B-lines for predicting clinical outcomes, limited infor-
mation is available. Coiro et al." reported that B-lines during exercise
were a predictor of a composite outcome of cardiovascular death or
HF hospitalization at 1 year in 61 patients with HF preserved ejection
fraction with New York Heart Association Class | or II. Scali et al."? re-
ported that exercise-induced B-lines were associated with a composite
outcome of death, HF hospitalization, or myocardial infarction in 103
patients with HF reduced ejection fraction. However, these previous
studies included patients with relatively mild HF symptoms. In the pre-
vious study of HF reduced ejection fraction, more than two-thirds of
the subjects were outpatients, and many patients had New York
Heart Association Class | or .12 Therefore, the efficacy of
exercise-induced B-lines on clinical outcomes remains unclear in pa-
tients with an advanced stage of HF.

The present study focused on the population of patients hospitalized
for HF, who had HF stage C or D. Most patients had New York Heart
Association Class Il or lIl. For such patients, the prognostic stratification
is important to prevent re-hospitalization for HF in the near future, and
is useful for more careful monitoring and tailored treatment for HF.2*
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Event-free survival rate according to the total number of B-lines at rest and at peak workload. (A) The event-free survival rate was worse in
patients with B-lines >7 at peak workload than in those with B-lines <7. (B) The event-free survival rate was worse in patients with B-lines >1 at rest

than in those without B-lines

Present study

The present study showed that the total number of exercise-induced
B-lines >7 at peak workload in the two sites of the right and left sides
was related to cardiac death or hospitalization for HF. Exercise was per-
formed using a bicycle ergometer in the supine position, which allows
real-time assessment of pulmonary congestion by lung ultrasound.
Exercise-induced B-lines were measured at the time of maximal work-
load during exercise, but not after the end of exercise. This allowed for
accurate evaluation of exercise-induced pulmonary congestion.

Lung ultrasound is usually measured in the 28-site scan. Recently,
some studies have used the four-site simplified scan for evaluating
B-lines during exercise."" One study reported that the four-site scan
saves time and provides accurate information.”> Small acquisition size
of one- or two-site scan has also been proposed, although further ex-
perience is needed to confirm the accuracy. In the present study, we
used the two-site simplified scan, with one site on the left side and
one on the right side, because of the time constraints for imaging during
exercise. Especially in patients with HF, it is difficult to maintain maximal
workload for performing various measurements using transthoracic
echocardiography and lung ultrasound. The two-site simplified scan is
able to count B-lines at maximal workload in a short time. This tech-
nique has the potential to be widely used in the clinical setting.

The present study quantified B-lines at peak workload. As the cut-off
value, we selected the total number of B-lines >7 at peak workload in

the two sites. This grade seems to be comparable with the range of
moderate to severe levels of B-lines showing in the previous report,
in which the B-lines score was categorized into four levels, such as ab-
sent, mild, moderate, and severe.”® B-lines at peak workload weakly
correlated with E/e’ at peak workload and TR pressure gradient at
peak workload, whereas there was no correlation of B-lines with LA
volume index indicated chronic diastolic burden. This finding suggests
that B-lines may reflect dynamic pulmonary congestion beyond echo-
cardiographic diastolic parameters.

Exercise-induced pulmonary hypertension has been reported to be a
predictor of adverse outcomes.'®?’ In the present study, while B-lines
were significantly related to cardiac events, no such relationship was
observed for TR pressure gradient. The reasons for this divergence
warrant further investigation, but it suggests that exercise-induced
extravascular lung water accumulation, as reflected by B-lines, may be
a more sensitive and direct indicator of impending cardiac events in
congestive HF. This could be because B-lines directly reflect the func-
tional consequence of increased pulmonary capillary wedge pressure,
leading to fluid transudation in a dynamic exercise setting, which might
precede or be more critically linked to clinical decompensation.

The difference in B-lines between rest and peak workload reflects
exercise-induced changes in pulmonary congestion. In the present
study, AB-lines were not related to cardiac death or hospitalization
for HF. Some previous studies reported that the absolute number of
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Exercise-induced B-lines in heart failure

B-lines was associated with adverse outcomes.'®'? The prognostic va-
lue of AB-lines remains unknown. Further studies are required to evalu-
ate the effect of changes in B-lines on clinical outcomes.

Clinical implication

The present study demonstrated the utility of quantifying B-lines at
peak workload, simply assessed by lung ultrasound of the two-site sim-
plified scan, for predicting HF prognosis. Because lung ultrasound is easy
to interpret, the criterion of pulmonary congestion is likely to be widely
used for identifying the severity of HF in clinical practice. Additionally,
therapeutic management of congestion is important to improve clinical
outcomes, including the prevention of HF hospitalization. Exercise-
induced B-lines might have a role in guiding HF treatment and determin-
ing their effectiveness.

Study limitations

There are several limitations in the present study. First, this was a single-
center study. The number of patients was small, and the length of follow-
up was short. Because this study included patients with HF of various
aetiologies, the criteria did not specifically focus on congestion.
Second, there was selection bias because patients who could perform
exercise echocardiography were enrolled. This study did not include pa-
tients with severe HF symptoms who were unable to exercise. Third,
invasive haemodynamic assessments were not performed. Fourth, this
study evaluated B-lines in the two-site simplified scan. The number of
B-lines might change depending on the lung compartment. Fifth, the cut-
off value of B-lines >7 at peak workload had moderate predictive ability
and low sensitivity. B-lines >1 at rest, which had low specificity, might
not be a pathological sign. Further studies are needed to clarify the cut-
off value of B-lines. Sixth, this study included both patients with HF with
reduced ejection fraction and those with HF with preserved ejection
fraction. Because the number of B-lines was measured only at peak
workload, dynamic congestion might be underestimated in patients
with HF with preserved ejection fraction, having the peak at the recov-
ery phase. Finally, because this study had few events, multivariate analysis
was limited. The level of creatinine, estimated glomerular filtration rate,
or sodium was not included in the multivariate analysis.

Exercise-induced B-lines are associated with cardiac death or hospital-
ization for HF in patients with HF. B-lines assessment during exercise
may identify risk stratification of HF. Exercise-induced B-lines may serve
as a valuable and easily obtainable therapeutic indicator to manage con-
gestion in patients with HF.

Supplementary data are available at ESC Heart Failure online.

Disclosure of Interest
Nothing to declare.

Data Availability

No data were generated or analysed for this manuscript.

Funding

Nothing to declare.

Ethical Approval

Ethical approval was not required.

Pre-registered Clinical Trial Number
None supplied.

-

N

w

EN

w1

o

~N

o)

el

10.

11.

12.

13.

14.

16.

17.

18.

. Girerd N, Seronde MF, Coiro S, Chouihed T, Bilbault P, Braun F, et al. Integrative assess-

ment of congestion in heart failure throughout the patient journey. JACC Heart Fail 2018;
6:273-85. https:/doi.org/10.1016/}.jchf.2017.09.023

. Ambrosy AP, Pang PS, Khan S, Konstam MA, Fonarow GC, Traver B, et al. Clinical

course and predictive value of congestion during hospitalization in patients admitted
for worsening signs and symptoms of heart failure with reduced ejection fraction: find-
ings from the EVEREST trial. Eur Heart | 2013;34:835-43. https:/doi.org/10.1093/
eurheartj/ehs444

. Coiro S, Rossigno P, Ambrosio G, Carluccio E, Alunni G, Murrone A, et al. Prognostic

value of residual pulmonary congestion at discharge assessed by lung ultrasound imaging
in heart failure. Eur | Heart Fail 2015;17:1172-81. https:/doi.org/10.1002/ejhf.344

. Girerd N, Rossignol P. Performing lung ultrasound at rest and/or after an exercise stress

test to better identify high-risk ambulatory patients with heart failure. Eur | Heart Fail
2017;19:1479-82. https:/doi.org/10.1002/ejhf.965

. Hubert A, Girerd N, Le Breton HL, Galli E, Latar I, Fournet M, et al. Diagnostic accuracy

of lung ultrasound for identification of elevated left ventricular filling pressure. Int |
Cardiol 2019;281:62-8. https:/doi.org/10.1016/j.jjcard.2019.01.055

. Platz E, Merz AA, Jhund PS, Vazir A, Campbell R, McMurray JJ. Dynamic changes and prog-

nostic value of pulmonary congestion by lung ultrasound in acute and chronic heart failure:
a systematic review. Eur | Heart Fail 2017;19:1154-63. https:/doi.org/10.1002/ejhf.839

. Platz E, Lewis EF, Uno H, Peck J, Pivetta E, Merz AA, et al. Detection and prognostic

value of pulmonary congestion by lung ultrasound in ambulatory heart failure patients.
Eur Heart | 2016;37:1244-51. https:/doi.org/10.1093/eurheartj/ehv745

. Scali MC, Zagatina A, Ciampi Q, Cortigiani L, D’Andrea A, Dikic A, et al. The functional

meaning of B-profile during stress lung ultrasound. JACC Cardiovas Imaging 2019;12:
928-30. https:/doi.org/10.1016/j.jcmg.2018.10.017

. Shim CY, Kim SA, Choi D, Yang WI, Kim JM, Moon SH, et al. Clinical outcomes of

exercise-induced pulmonary hypertension in subjects with preserved left ventricular
ejection fraction: implication of an increase in left ventricular filling pressure during ex-
ercise. Heart 2011;97:1417-24. https:/doi.org/10.1136/hrt.2010.220467

Coiro S, Simonovic D, Deljanin-llic M, Duarte K, Carluccio E, Cattadori G, et al.
Prognostic value of dynamic changes in pulmonary congestion during exercise stress
echocardiography in heart failure with preserved ejection fraction. Circ Heart Fail
2020;13:e006769. https:/doi.org/10.1161/CIRCHEARTFAILURE.119.006769

Merli E, Ciampi Q, Scali MC, Zagatina A, Merlo PM, Arbucci R, et al. Puimonary congestion
during exercise stress echocardiography in ischemic and heart failure patients. Circ
Cardiovasc Imaging 2022;15:e013558. https:/doi.org/10.1161/CIRCIMAGING.121.013558
Scali MC, Cortigiani L, Simionuc A, Gregori D, Marzilli M, Picano E. Exercise-induced
B-lines identify worse functional and prognostic stage in heart failure patients with de-
pressed left ventricular ejection fraction. Eur J Heart Fail 2017;19:1468-78. https:/doi.
org/10.1002/ejhf.776

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats A, et al. 2016 ESC
guidelines for the diagnosis and treatment of acute and chronic heart failure: the task
force for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). Developed with the special contribution of
the Heart Failure Association (HFA) of the ESC. Eur | Heart Fail 2016;18:891-975.
https:/doi.org/10.1002/ejhf.592

Lang RM, Badano LP, Mor-Avi V, Afilalo |, Armstrong A, Ernande L, et al
Recommendations for cardiac chamber quantification by echocardiography in adults:
an update from the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. | Am Soc Echocardiogr 2015;28:1-39. https:/
doi.org/10.1016/j.echo.2014.10.003

. Jambrik Z, Monti S, Coppola V, Agricola E, Mottola G, Miniati M, et al. Usefulness of

ultrasound lung comets as a nonradiologic sign of extravascular lung water. Am |
Cardiol 2004;93:1265-70. https:/doi.org/10.1016/j.amjcard.2004.02.012

Lichtenstein D, Meziere G. A lung ultrasound sign allowing bedside distinction between
pulmonary edema and chronic obstructive pulmonary disease: the comet-tail artifact.
Intensive Care Med 1998;24:1331-4. https:/doi.org/10.1007/s001340050771

Agricola E, Bove T, Oppizzi M, Marino G, Zangrillo A, Margonato A, et al. “Ultrasound
comet-tail images”: a marker of pulmonary edema: a comparative study with wedge
pressure and extravascular lung water. CHEST 2005;127:1690-5. https:/doi.org/10.
1378/chest.127.5.1690

Picano E, Pellikka PA. Ultrasound of extravascular lung water: a new standard for pulmonary
congestion. Eur Heart | 2016;37:2097-104. https:/doi.org/10.1093/eurheartj/ehw164

920z AInr 1.Z uo Jasn Alisieniun eweAeyO Aq £€2S 1 #8/SZ0IBAX/ L/ | /o[0IUB/1ydS8/Wwoo dno-olwspese//:sdny woJj papeojumoq


http://academic.oup.com/eschf/article-lookup/doi/10.1093/eschf/xvaf025#supplementary-data
https://doi.org/10.1016/j.jchf.2017.09.023
https://doi.org/10.1093/eurheartj/ehs444
https://doi.org/10.1093/eurheartj/ehs444
https://doi.org/10.1002/ejhf.344
https://doi.org/10.1002/ejhf.965
https://doi.org/10.1016/j.ijcard.2019.01.055
https://doi.org/10.1002/ejhf.839
https://doi.org/10.1093/eurheartj/ehv745
https://doi.org/10.1016/j.jcmg.2018.10.017
https://doi.org/10.1136/hrt.2010.220467
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006769
https://doi.org/10.1161/CIRCIMAGING.121.013558
https://doi.org/10.1002/ejhf.776
https://doi.org/10.1002/ejhf.776
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.amjcard.2004.02.012
https://doi.org/10.1007/s001340050771
https://doi.org/10.1378/chest.127.5.1690
https://doi.org/10.1378/chest.127.5.1690
https://doi.org/10.1093/eurheartj/ehw164

10

19.

20.

21.

22.

23.

Rivas-Lasarte M, Alvarez-Garcia |, Fernandez-Martinez J, Maestro A, Lopez-Lopez L,
Sole-Gonzalez E, et al. Lung ultrasound-guided treatment in ambulatory patients with
heart failure: a randomized controlled clinical trial. Eur | Heart Fail 2019;21:1605-13.
https:/doi.org/10.1002/ejhf.1604

Marini C, Fragasso G, Italia L, Sisakian H, Tufaro V, Ingallina G, et al. Lung ultrasound-
guided therapy reduces acute decompensation events in chronic heart failure. Heart
2020;106:1934-9. https:/doi.org/10.1136/heartjnl-2019-316429

Araiza-Garaygordobil D, Gopar-Nieto R, Martinez-Amezcua P, Cabello-Lopez A,
Alanis-Estrada G, Luna-Herbert A, et al. A randomized controlled trial of lung
ultrasound-guided therapy in heart failure. Am Heart | 2020;227:31-9. https:/doi.org/
10.1016/j.ahj.2020.06.003

Wiley BM, Luoma CE, Olgun Kucuk H, Padang R, Kane GC, Pellikka PA. Lung ultrasound
during stress echocardiography aids the evaluation of valvular heart disease severity.
JACC Cardiovasc Imaging 2020;13:866—72. https:/doi.org/10.1016/j.jcmg.2019.06.026
Reddy YNV, Obokata M, Wiley B, Koepp KE, Jorgenson CC, Egbe A, et al. The haemo-
dynamic basis of lung congestion during exercise in heart failure with preserved ejection
fraction. Eur Heart | 2019;40:3721-30. https:/doi.org/10.1093/eurheartj/ehz713

24,

25.

26.

27.

Nakayama et al.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al. 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure: developed
by the Task Force for the diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC) With the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur Heart | 2021;42:3599—-726. https:/doi.org/
10.1093/eurheartj/ehab368

Scali MC, Zagatina A, Simova |, Zhuravskaya N, Ciampi Q, Paterni M, et al. B-lines with
lung ultrasound: the optimal scan technique at rest and during stress. Ultrasound Med
Biol 2017;43:2558-66. https:/doi.org/10.1016/j.ultrasmedbio.2017.07.007

Scali MC, Zagatina A, Ciampi Q, Cortigiani L, D’Acdrea A, Daros CB, et al. Lung ultra-
sound and pulmonary congestion during stress echocardiography. JACC Cardiovasc
Imaging 2020;13:2085-95. https:/doi.org/10.1016/}.jcmg.2020.04.020

Simonovic D, Coiro S, Carluccio E, Girerd N, Deljanin-llic M, Cattadori G, et al. Exercise
elicits dynamic changes in extravascular lung water and haemodynamic congestion in
heart failure patients with preserved ejection fraction. Eur | Heart Fail 2018;20:
1366-9. https://doi.org/10.1002/ejhf.1228

920z AInr 1.Z uo Jasn Alisieniun eweAeyO Aq £€2S 1 #8/SZ0IBAX/ L/ | /o[0IUB/1ydS8/Wwoo dno-olwspese//:sdny woJj papeojumoq


https://doi.org/10.1002/ejhf.1604
https://doi.org/10.1136/heartjnl-2019-316429
https://doi.org/10.1016/j.ahj.2020.06.003
https://doi.org/10.1016/j.ahj.2020.06.003
https://doi.org/10.1016/j.jcmg.2019.06.026
https://doi.org/10.1093/eurheartj/ehz713
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.ultrasmedbio.2017.07.007
https://doi.org/10.1016/j.jcmg.2020.04.020
https://doi.org/10.1002/ejhf.1228

